using seines, along the shore of four isolated lagoons of the upper Paraná River floodplain. Serrapinnus notomelas was selected to assess the effect of abiotic and biotic variables using indirect gradient analysis. Abiotic variables were summarized by principal components analysis (PCA) and then the scores of the axis retained for interpretation were correlated with abundances of S. notomelas. Variables that best explained S. notomelas abundance were surface area of the lagoon, total suspended solids and Secchi depth (these last two, indirectly linked to predation). The most relevant biotic variable that determined population size of S. notomelas was predation.
Introduction
Populations show variations in abundance as an adaptive response to changes in chemical, physical and biological characteristics of habitats (Pimm, 1991) . In order to be regulated by any factor, a population should present: i) persistence, ii) abundance fluctuation threshold and, iii) tendency to return to a balance density (Hixon et al., 2002) . Identification of the main factors involved in population regulation and the mechanisms acting is a great challenge of ecology. Regulation may be due to natural environment variability that affects birth and death rates. Then, populations are subjected to random fluctuations and therefore, susceptible to extinction.
A population in ideal conditions tends to grow geometrically. However, in natural environments, population growth may be limited by several variables and/or events (here named factors). Malthus and Darwin attributed to competition the primary effects on population regulation, in spite of possible effects of predation. The mechanism that would cause a decrease in population growth rate by competition (density dependent) was explained by Verhulst in 1838 (sensu Gotelli, 2001) in the logistic equation. This equation defines a maximum limit for abundance of a given population, which depends on the carrying capacity. In a closed population, regulatory growth factors act directly on birth and death rates because there are no migrations. In such cases, factors acting under dependence of population density, such as predation and competition, are potentially sources of control (Hixon et al., 2002) .
In general, abiotic and biotic factors affect population densities of species belonging to different trophic levels. However, the relative contribution of these factors to each trophic level may, possibly, be differentiated. Therefore, in this work, we attempt to identify possible regulatory mechanisms for the population density of Serrapinnus notomelas (Eigenmann, 1915) . This species is algivorous, non migratory and does not develop parental care (Suzuki et al., 2004) . Its life cycle is short, body size is small (usually less than 4.0 cm of total length), and may persist in a great variety of habitats (Luiz et al., 1997) . These characteristics prompt fast responses of the species to habitat variations concerning chemical, physical and biological factors. Thus, population growth can be studied in temporal scales compatible with the life cycle of a species. In this paper, we evaluate spatial and temporal variations in the abundance of S. notomelas populations from four lagoons (all isolated) of the upper Paraná River floodplain, in a period during which no flood occurred (closed populations). Specifically, we try to answer the following question: what is (are) the main factor(s) (abiotic: physical or chemical?; biotic: competition or predation?) that regulates abundance of S. notomelas populations in these lagoons?
Material and Methods
Study Area. The Paraná River is the tenth largest of the world in discharge, and the fourth in drainage area (5.0 x 10 8 m 3 / year; 2.8 x 10 6 km 2 , respectively). It drains most of the centralsouthern part of South America, from the Andes to the Serra do Mar near the Atlantic Ocean.
The studied area corresponds to the upper third of the Paraná River (Bonetto, 1986) (Fig. 1) . In this stretch, the last one inside Brazilian territory free of dams, there is an extensive floodplain on the west margin. This floodplain supports a great diversity of organisms (Agostinho et al., 2000) . Main impacts in the region are high biocide loads and pollution from domestic and agricultural activities, deforestation of riparian vegetation and, the most conspicuous, construction of dams. Dams have altered the natural water regime (floods) and removed portions of floodplains in the upper Paraná River basin. The remaining floodplain is a mosaic of habitats, with several canals and lagoons (connected or isolated). Isolated lagoons are heterogeneous in surface area, depth, distance from the main river, macrophyte cover and other features (Table 1) .
Sampling. Fish samplings were carried out with seines (20 m long; mesh size 0.8 cm opposite knots), in shore areas of the four isolated lagoons of the upper Paraná River floodplain, operated quarterly from February 2000 to November 2001 (in this period, there was no flood). All captured individuals were taken to the laboratory, where they were counted and measured (total and standard length). Abundances in the lagoons were expressed in number of individuals/100 m 2 of seined area. Chemical [dissolved oxygen (mg/l), total phosphorus (µg/ l), dissolved phosphorus (µg/l), orto-phosphate (µg/l), nitrate (µg/l), nitrite (µg/l), ammonia (µg/l), dissolved organic carbon (ppm), alkalinity (µeq/l), conductivity (µS/cm), chlorophyll-a (µg/l) and (pH)] and physical characteristics [area of the lagoon (ha), depth (m), turbidity (FTU), temperature ( o C), Secchi disk depth (cm), total suspended solids (mg/l)] of the lagoons, here denominated abiotic variables, were collected simultaneously and analyzed, later, by the physicochemical laboratory of the Nucleus of Research in Limnology, Ichthyology and Aquaculture -Nupelia.
Data Analyses. To identify the most important physical and chemical variables that could be influencing populations of S. notomelas, we adopted a multivariate approach (Gauch, 1986) . We first summarized data in two principal components analysis (PCA), one for chemical and another for physical variables (data were Log 10 transformed in order to linearize relationships) using the software PC-ORD (McCune & Mefford, 1997) . The Broken Stick model was used as criteria to retain PCA axis for interpretation (Jackson, 1993) . Scores of the axis retained for interpretation were correlated against abundance of S. notomelas [if not linear, abundance was Log 10 (x+1) transformed]. In case of significant correlations (P < 0.05), it is assumed that the variables with larger eigenvectors (coefficients of structure or correlations) for the axis are the ones that most influenced the abundance of the species.
In order to evaluate the effect of the biotic variables (competition and predation) on the populations of S. notomelas (voucher specimens deposited in the Museu de Ictiologia of Nupélia under the code NUP3210), abundance of fish species that are potentially competitors (Apareiodon affinis -voucher specimens code in Nupelia: NUP349, Astyanax altiparanae: were also added and compared graphically with its density. For both group formations, we used data on diet composition (Agostinho et al., 1997; Hahn et al., 1997 Hahn et al., , 2004 Luiz et al., 1998; Silva, 2002) . Then, tendencies of the scatterplots were observed and, when possible, regression models were adjusted (linear or non-linear) to explain the relationship.
Results

Spatial and Temporal Variations in Abundance.
In the period of study (February 2000 to November 2001 , 68 fish species were captured, and S. notomelas was among the dominant species with great abundance, especially in Clara and Pousada lagoons, where densities increased over time, but with high variability in the end of the study. In Traíra and Capivara lagoons, for instance, densities decreased over time (Figs. 2a-d) .
Influence of Abiotic Variables. Abiotic variables were summarized through principal components analysis (PCA) and the axes retained for interpretation were correlated against the abundance of S. notomelas.
For the PCA applied to chemical variables, four axis were retained for interpretation (they presented eigenvalues greater than the Broken-Stick eigenvalues) and together they explained almost 60% of total data variability. Eigenvectors (structure coefficients or correlations) demonstrate the variables that more contributed to formation of an axis and, consequently, in the ordination. For axis 1 (PC1), these variables were dissolved phos- phorus and orto-phosphate, both negatively. For PC2, conductivity showed positive correlation, whereas ammonia, nitrate and chlorophyll-a presented negative correlations. For PC3, alkalinity presented the larger positive correlation and dissolved oxygen the most negative. Finally, for PC4, pH was more correlated positively, whereas nitrite more negatively (Table 2) . For physical variables the first two PCA axes were retained for interpretation, based on the Broken Stick model. They together explained 63.5% of the total variability of the data matrix. Great eigenvectors were, for axis 1, Secchi depth (positively) and area of the lagoon and total suspended solids (negatively). For axis 2, turbidity (positive) and temperature (negative) were the variables with greater correlations (Table 3) .
Scores of the axes retained for interpretation were generated and plotted against abundances of S. notomelas [transformed in Log(x+1)]. Only scores of the axis 1 of the PCA that summarized physical variables presented significant Pearson correlation (r = -0.46; P < 0.05) with the abundance of the species (Table 4) . Therefore, it can be inferred that, for the studied lagoons, abiotic factors that more influenced abundance of S. notomelas were the area of the lagoon, total suspended solids and Secchi depth (Table 4 and Fig. 3 ).
Influence of Biotic Variables. Relationship between abundance of S. notomelas and abundance of its competitors was positive (Fig. 4a) . A quadratic model with significant parameters (P < 0.05) accounted for 93% of variation in S. notomelas populations. For piscivores species, as larger their abundance, lower the densities of S. notomelas (Fig. 4b ). However it was neither possible to adjust a model to explain this relationship, nor explain it due to a significant correlation (Spearman: r = -0.10, P = 0.65).
Discussion
High abundances of S. notomelas in isolated lagoons of the upper Paraná River, as well as of other small bodied species is in part due to their opportunistic life strategy (sensu Winemiller, 1989) , i.e., they present multiple spawning and mature quickly.
All variables considered in this study, i.e., abiotic variables, competition and predation, may somehow affect, directly or indirectly, fish populations (Matthews, 1998; Hixon et al., 2002) . In the upper Paraná River floodplain, the flood pulse promotes homogenization of abiotic variables (Thomaz et al., 1992 (Thomaz et al., , 1997 Agostinho et al., 2000) . With the end of the flood, lagoons are isolated and, every one of them, depending on their physiography, present characteristic values of abiotic variables. As time increases since inundation, these variables become more restrictive and, therefore, may determine composition and structure of fish assemblages.
Abundance of S. notomelas was greater in lagoons with larger surface area and with greater loads of total suspended solids (Pousada lagoon) and, it was lower in lagoons with smaller values of these variables and greater Secchi depth, i.e., cleaner waters (Traíra lagoon, for instance). These results are biologically relevant because larger environments usually present larger heterogeneity of habitats that can sup-S. notom elas abundance (log 10 (x+1)) PC1 physical port more species and greater abundances (Krebs, 1994) . The other two variables that apparently influenced S. notomelas populations work antagonistically, i.e., when total suspended solids is high, Secchi depth is low, resulting in darker water and hindering predation (Matthews, 1998) . Okada et al. (2003) identified that the amount of piscivores fishes in a lagoon is an important variable determining structure of fish assemblages. Thus it is possible that predators find difficulties to prey when Secchi depth is low.
These findings differ slightly from others presented in the literature. In the review of Jackson et al. (2001) , the most important variables structuring fish assemblages were pH and dissolved oxygen. It is reasonable to consider that the scale of their study was regional and they considered all species. For this study, the scale was more local and only a single species was analyzed. Therefore, in our scale of study, pH and dissolved oxygen did not present wide variations, and in most cases, they were not restrictive for fish, including S. notomelas.
Other studies developed in the upper Paraná River floodplain identified macrophyte cover and dissolved oxygen as the main factors explaining fish assemblages composition and structure (Veríssimo, 1994; Okada et al., 2003) . In this study, quantity of macrophyte cover was not available to be related with the abundance of the species. However, macrophyte might have influenced total suspended solids, and, they are, therefore, fundamental to explain the abundance of several species of fish, especially juveniles . With respect to biotic variables, the positive relationship between abundance of S. notomelas and its competitors evidences that inter-specific competition is not the main factor that determines size of its populations in the studied lagoons. If it was, the relationship should be inverse. This fact can be explained because competition becomes evident when food resources are scarce (Matthews, 1998) , and this is not the case of the lagoons on the studied period, except when in early phase of desiccation (Agostinho et al., 2000 Okada et al., 2003) .
In floodplains, the high species diversity in lagoons is determined and influenced directly by variations in water level (Junk et al., 1989; Neiff, 1990) . Therefore, water level and local topography regulate changes among biotopes and, after isolation, biotic interactions (predation and competition) are important factors in structuring fish assemblages (Matthews, 1998; Jackson et al., 2001) . For the studied lagoons, predation appeared to be the stronger interaction, as mentioned by Petry et al. (2003a Petry et al. ( , 2003b and Okada et al. (2003) who studied the same area.
Conclusion
In the four studied lagoons, alterations in the density of S. notomelas were apparently due to variations in abiotic and biotic variables resulted from the lack of a flood pulse during the period studied. Abiotic variables related to the density of the species, i.e., that controlled its population, were surface area of the lagoon, amount of total suspended solids and Secchi depth (these last two, indirectly linked to predation). The most relevant biotic variable that appears to influence population sizes of S. notomelas was predation, and this may be the case for all small sized species that inhabit lagoons.
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